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RAUCH, T. M. AND H. R. LIEBERMAN. T vrosinepretreatentreverseshpothermia-induedbeha.ioral depression. BRAIN RES

V BULL 24(1) 147-150. 1990.- Cold exposure accelerates the firing frequency of norepinphrine (NE) neurons, enhancing NE releaseN/ and leading to NE depletion in specific regions of the brain. The accelerated firing activates the enzyme tyrosine-hydroxylase, making
it more tyrosine sensitive. The reduction of brain NE is accompanied by a behavioral depression on the open field test. Two
experiments were performed on adult male rats. First, it was determined whether systematic lowering of core body temperature
produced behavioral depression in the swim test. Second, treatment with the NE precursor tyrosme was employed in an attempt i.
I, event hypothermia-induced behavioral depression. In Experiment I. two levels of hypothermia were highly effective in producing
behavioral depression in rats forced to swim in a narrow cylinder. In Experiment 2, treatment with tyrosine 1400 mg/kg. IP) thirty
minutes prior to the hypothermia procedure completely reversed the behavioral depression found in Experiment 1. Tyrosine
administration did not significantly influence the rate of deep body cooling during the hypothermia treatment.

Hypothermia Stress Tyrosine Norepinephrine Catecholamines Learned helplessness

A cascade of neurochemical and behavioral changes occurs in other amino acids and is useful for distinguishing antidepressants
animals after exposure to an inescapable, acute stress. These from other psychoactive agents is a swim test (5). This test
changes have been attributed to neurotransmitter-based motor sometimes is termed the behavioral despair paradigm (11,12).
deficits ( 16) or explained in part by the paradigm of learned Behavioral despair, or depression, is induced by forcing a rat tu
helplessness (8.13). The neurochemical alteration reported most swim in a narrow cylinder of water maintained at 25°C from which
consistently following acute stress and produced by a wide variety there is no escape. After an initial period of vigorous escape-
of stressors has been a reduction of norepinephrine (NE) levels in directed behavior the rat adopts a characteristic immobile posture
the hypothalamus and brain stem including the locus coeruleus (9, which is readily identifiable. This immobility reflects a state of

* 10, 151. Behavioral alterations observed in animals subjected to depression which is selectively attenuated by antidepressant drugs
various types of inescapable acute stress, include deficits in at doses which do not increase spontaneous motor activity in an
exploratory behavior (14), avoidance/escape behavior (1), spon- open field (12). Antidepressants can therefore be distinguished
taneous motor activity (15). aggressive behavior (3) and swim- from psychostimulants because they decrease immobility at doses
,ming ( 16). nese behavioral abnormalities are correlated with NE that do not increase general activity. Tyrosine appears to have a
depletion in the locus coeruleus (16) and the whole brain (14). profile more similar to that of psychostimulants than antidepres-

One of the dietary precursors of NE is the aromatic amino acid sants (5).
tyrosine. The effect of increasing brain tyrosine concentrations on Previous studies of behavioral despair using the forced swim
brain catecholamine synthesis or release is minimal in normal procedure have failed to differentiate hypothermic effects from
.'nonstressed'" animals. However, certain forms of acute stress, those associated with the swim procedure itself (4, 1 , 12). The
such as exposure to an ambient cold environment (4) accelerate the reduction of brain NE that occurs after 30 min of forcing rats to
firing frequency of NE neurons, enhancing NE release and swim in cold water and the subsequent behavioral depression on
eventually leading to NE depletion. The accelerated firing acti- the open field test are clearly associated with the substantial
vates the enzyme tyrosine-hydroxylase (7), making it more ty- hypothermia produced by the procedure (14). Therefore, hypo-
rosine sensitive. It has been reported that tyrosine. administered thermia. swim stress and exercise have always been confounded
for several weeks as paA of the diet ot givcr acutely, protects when the forced swimming procedure is employed. The purpose of
animals from some of the behavioral and neumchemical conse- the present study is two-flld. Ihe first experiment i, deLstgned to
quences of acute stre, s (3, 5, 6). One paradigm that has been determine if hypothermia, without the confounding effects of
employed to evaluate the behavioral effects of tyrosine as well as swim stress and exercise, produces behavioral despair in rats. The
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Twelve mnale Charles River strain (SpragUe-Dawley) r, Is rag

ig tin age (Irot 100J to 115 days. aind at mean weight of 300 g 20
SD)-7.23, wvere used in this experiment. All rats were housed
individually in hangint' wile mieshi carrs antd exposed to it 12-li
llit-dark seltedule with ad libi access to food aitd water. lBeliav- 0
l'id testing was conducted between 0900( and 1500 hr. 3-331 3?'

CORE BODY TEMPERATURE (-C)
/H1 'otlerntia Treatmet'n

FIG. 1 . The effect of two levels of hypothermnia oii behiavion in the swiil
II ypot hern nia treatmtenit consisted oif' rest raittintg the rat in an test. Results atre ex pressedt as iiean _-SENI

icyic rat restraitter iid itititersionl tip to the tneck itt ,t 17"C water
hailt 0 itudia, RC 20)i. C~ore bo'dy temItperatuore (T,) was motittored
with ;iYellow Spritgs series 46X) temperature probe, inserted 2.5 hypothermia is an effective means of inducitng behavioral despair
clii in the rectum, and at Beckman 450t iialTemmee.ODigial Termoeter On in the rat. These results are consistent with a previous report that
treatment dasteaiaswr etandadimre nte behavioral inactivity, reduction of brain NE, and increased reten-

wate bah ( 70 
I or 2-3( nu unil L o 30or 30Cwas tion of H-NE occur after 30 Minutes of forcitig rats to swimn in

obtainted. The coilt rol trea'tniie nt eons isted (of restrantlt and iintiter- e dwlr tdaeascae l i eeehpten
sioit fllile walter bath at 30"C for 30 in which alltowed the aitinial produced by this procedure (1I4). In the same study rapid rewarmi-

to sabii.' atii l'f37C F~wasree'rdd evry wo illtesfor ing of hypothermic rats resulted in a rapid returtn to control levels
alltretmet cndiion unil hecrierin T wa acievd. wo of exploratory behavior and reversed both the reduction of hirain

cointrol days. during which each anma re3aie iit oe N anthicradrtninof -NE. In the following ste 's.
cage with food and %vater ad fib, were inserted between treatment we determined if treatment with the NE precursor tyrosine vv:K
itavs. The treatment Order wvas counterbalanced accordinge to a
Latin-square design., Every aniniial received every treatnit once prvnhyoemi-dudbhaoalesa.
and ecltc aiiial received o ilv onte treatmtet ier test dayir.

Beco tona ? cAUr'l(i Subjects

Each anitmal was restrained and T, lowered to 30'C, 33'C or Twelve male Charles River strain (Sprague-Dawlev) rats use(.
stabilized a~t 37'C. Behavioral dcspair was then immedcciately in Experiment I were used in Experiment 2. There was a two week
aissessed by placing the tat in at Plesgig-as cylinider (height 40 cnm, rest period between experimnents. All behavioral testing was
diarnter 25 clio containing 30 cni waterazt 17'C-as described by condutcted between 0900 and 1500 hir. All rats were contintted on
h',rs 'It ct at. H 1 , 1 2. Ml rats s- wan vi goro utsly, a tttemtitng tot a diet whtich containted 0.9(3 petent tyrosine (Pro Lab 10,411I 3000.

C scaPC Ir a ipr s iate lv 601 sec, alter whticit they miaili 16~ ted 'I AgyIn..SrcsN)
cli ract e ist ic inmimoib ile pOsI ore w ith nccasioinal episodes ofaeti v-
ity. A Nit Wils judged to be imimobile when it ceased to struggle voieramit
and wits floating motionless as assessed by it trained rater. The
total itnniobilitv time wats recorded over athree tminute period. Saline or L-tyrosine (400 mg/kg) dissolved in saline were
T[he rater reiined blind to the treatmient. ttmnsee yitraperitoneal (IP) injection in a VOhiL )IC Of 10

ni I/kg, thirty m inutes prior to the htypothertmtiat Ireluit in : . Thtis

tEUTSit (loise was thie lowest dose of tyrosine shtowtn to be ftiat
decreasing immobility in rats tested under noriiiotheni .: condi-

Iiimnobili ty in the swi in test, over a three mrnitite triall. wast t ions (4).
analyzed using a repeated measures analysis of variance. The
single facttor in the analysis wtts T. (3 levels: 30, 33 e;nd 37C T,). HvotriaTetmn
Lowering T',. sil;nificantly increased immobility in the swini test,
H16l 17.59, p-0I.00)1 .Post hoc Tikey (1)<0.0)5; two-tatiled) The hypothermia procedure was identictal to that deteri1-,.d in
Lionipar isions s hiowed thait inmmoii ity i ties ftor raits co oled to a T, Experimtienlt I for the 30' T, contd ition. All animtuls wen! iiij,. tedl

of30 or 13'C were s~iiicitttly j, ret er tli tt lie normittertit ic w itht stalinte or L- tyrosinte and tel ttrned to their home caige for tiii y
ci ii il o. '[liere vwais mo si p ficati t di ft'.reitee in inmm obili ty , how- mtinuites . Then each tii al was restrained and initners :d in the
ever, between the two levelis of' hypotlivrtiit Figure I shows the Witer bttth (I 7'C) for 25-30 miin until a T. of 30'C was tobta;.:,d.
elfct oif hiypiilicrinia oin i!onobility in the swim test, T, was recorded every two minutes for stdino and tyrc.sine

conditions utitil the criterion T, was achieved. Two control days,
1 2 durinig which cact ianimal remained in their home cage with food

l.XI'EIM ENand water ad lib wats inseted between treatnment d(iys. 1hle
'111, testi I, if tilie fu st ex perimtienlt clearly (IL iiitstrc rtht iat t reatintent order was couinterbtlanced in a cmoss-ovetilesirm I Et. vet
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IMMOBILITY (sc TABLE I
so l SALINE EFFECTS OF HYPOTHERMIA ON THE TOTAL DURATION OF
10 - IMMOBILITY OVER A 3 MIN TRIAL

TYROSINE_________________________________

60 Duration of Immobility (sec)

so -Mean - SEM

40

Treatment (Experiment I)
30 Normothermia 

18.16* 2.57
20 - T, = 37°C
10 Hypothermia 49.79t 6.21

T = 33°C
0 Hypothermia 66.78' - 7.25

TREATMENT AT 300 Tc T, = 30'C

FIG. 2. The effect of tvrosine admi'-;tration 30 minutes prior to hypo- Treatment (Experment 2)

thermia treatment on behavior in the swim test. Results are expressed as Tyrosine + Hypothermia 18.89* :t 3.03
mean = SEM. T = 30'C

Saline - Hypothermia 63.38 "- 6.21

animal received every treatment once and each animal received TC=30C

only one treatment per test day. Any two means that do have a common symbol do not differ signifi-
cantly from each other at p<0.05.

Behavioral Measurements Pretreatment with tyrosine reverses hypothermia-induced behavioral

After lowering T, to 30'C each animal was immediately depression.

assessed for behavioral despair as in Experiment 1 (11,12). As in
Experiment 1, the total immobility time was recorded over a three induced by hypothermia is reversed by pretreatment with L-

minute period. The rater was blind to the experimental treatment. tyrosine-presumably as the consequence of increased synthesis
of NE in key brain regions such as the locus coeruleus. Taken

RESULTS together, the data demonstrate a number of important points. First,
the behavioral depression induced by forced swimming in 21-

Tyrosine significantly decreased immobility in the swim test 25C water, in a restricted space with no escape (10,11), is
when compared to the saline control, F(1,8) =50.37, p<0.001. amplified as a result of lowering T c . It has previously been
Figure 2 shows the effect of tyrosine on immobility in the swim observed that tle behavioral inactivity and the reduction of brain
test. A post hoc Scheffe (p<0.05) test was performed on all NE that occur after 30 minutes of swimming rats in 14.5°C water
possible combinations of treatment means from Experiments I and are associated with hypothermia (14) and that rapid rewarming of
2. The Scheffe test was necessary to allow comparisons across all swim-stressed rats produces a return to control levels of explor-
possible combinations between Experiments I and 2. The results atory behavior and reversal of the reduction of brain NE. There-
indicate that there was no significant difference in immobility fore, the behavioral depression induced by forced swimming in
between the normothermic control treatment (Tc = 37*C) (mean ± cold to ambient temperature water is significantly influenced by
SEM, 18.16 ± 2.57) and the hypothermic condition (T. = 30'C) the hypothermic response to the procedure.
when pretreatment with tyrosine was administered (18.62:--3.03). This study has also established that pretreatment with tyrosine,
Furthermore, both the normothermic control and tyrosine pretreat- the precursor to NE, reverses the behavioral depression produced
ment means significantly differed from both levels of hypothermia by hypothermia, possibly by preventing depletion of brain NE.
(T = 30 and 33°C) and the hypothermic condition (Tc = 30'C) The beha'ioral effect of pretreatment with tyrosine observed is
pretreated with saline (see Table 1). Finally, there was no similar to that reported by Gibson et al. (5) in mice swim-stressed
significant difference in immobility among the two levels of in 23'C water without any pretest cooling. However, the magni-
hypothermia (T, = 30 and 33°C) and the hypothermic condition tude of the effect we observed was substantially greater. The

(T, = 30'C) pretreated with saline. Tyrosine did not significantly difference may be attributed to the profound hypothermia we
influence the rate of deep body cooling to reach the criterion T c  induced and presumably therefore, increased depletion of NE. In
during immersion. humans treatment with tyrosine protects against the adverse

behavioral effects of acute exposure to the combination of cold and
GENERAL DISCUSSION hypoxia (2). The catecholaminergic mechanisms apparently re-

The results of the present study are best interpreted within the sponsible for the effects in rodents may also account for the

context of several well-documented findings. First, depletion in comparable effects reported in humans.

brain NE results from exposure to cold stress (4,14). Second, ACKNOWLEDGEMENTS
acute administration of L-tyrosine, the precursor to NE, prevents
both the behavioral inactivity (as measured in an open field testing In conducting the research decribed in this report, the investigators

paradigm) and the regional N7 depletion that follows exposure to adhered to the "Guide for the Care and Use of Laboratory Animals," as

ala oc(Li., unontiollable stressor (tail shock) (6). Clearly, our prepared by the Committee on Care and Use of Laboratory Animals of the
Institute of Laboratory Animal Resources, National Research Council. The

findings indicate that hypothermia is an effective method for views, opinions, and/or findings contained in this report are those of the
inducing behavioral depression in rats. We suggest, based upon authors and should not be construed as an official Department of the Army
previous research (4.14), that lowering Tc will result in depletion position, policy, or decision, unless so designated by other official
of brain NE. Our findings also show that the behavioral depression documentation.
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